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Description 

Field of the Invention: 

[0001] The present Invention relates generally to sys- 
tems for securing a fixation plate to bone, and more spe- 
cifically to sucfi systems including a mechanism for pre- 
venting screw backout. 

BACKGROUND OF THE INVEi^TION 

[0002] Within the last decade, the use of fixation 
plates for the treatment of spinal disorders or for fusion 
of vertebrae has grown considerably. While eariy proce- 
dures using fixation plates were generally restricted to 
long bones and lower lumbar levels of the spine, such 
fixation plates have recently found applications in other 
bone instrumentation such as in instmmentatlon of the 
cervical spine. Successful spinal instrumentation in this 
region is particularly difficult given the problems of safely 
accessing the instrumentation site. 
[0003] One typical example of a bone fixation plate is 
provided with a plurality of bores therethrough. A corre- 
sponding plurality of fastener members, typically bone 
screws having a headed portion and an elongated 
threaded shaft extending therefrom, are provided to se- 
cure the plate to a bone, or bones, to be fixated. The 
bone screws are advanced Into the corresponding plate 
bores and then into the bone itself. The screws are then 
firmly tightened to thereby secure the plate to the bone. 
[0004] A common problem associated with the use of 
such fixation plates, regardless of their location, Is the 
tendency of the bone screws to 'back out' of the under- 
lying bone under the stress of bodily movement. This 
problem is particularly prevalent in areas of high stress 
such as, for example, the spine. Given the delicate na- 
ture of the spine, any fixation plate movement post-op- 
eratlvely may not only frustrate the surgical goals, but 
may also raise genuine patient safety concerns. 
[0005] Designers of such bone fixation systems have 
employed various techniques in an attempt to overcome 
the foregoing problem. For example, U.S. Patent No. 
5,364,399 to Lowery et al., assigned to the assignee of 
the present invention, discloses an anterior cervical plat- 
ing system incorporating a locking screw which engages 
the heads of bone screws to secure the cervical plate to 
the vertebra. The locking screw, positioned above the 
bone screws, provides a rigid fixation of the screws to 
the plate wherein the heads of the bone screws are ei- 
ther flush with, or recessed below, the upper surface of 
the plate. 

[0006] As another example, U.S. Patent No. 
5,275,601 to Gogolewski et al. discloses a self-locking 
bone fixation system wherein the heads of the bone 
screws are f msto-conical in shape and have a direction- 
ally corrugated outer surface. Each bore in the fixation 
plate has a complementarily corrugated Inner surface 
and is similarly frusto-conical in shape. As the screws 



are advanced through the coroigated bores and into the 
underlying bone, the direction of cormgation perrhits the 
heads to be received within the corresponding bores, 
while inhibiting rotation of the screws in an opposite di- 
5 rection. 

[0007] As a further example, U.S. Patent No. 
5,269,784 to Mast discloses a threaded screw nut for 
use with a bone fixation system wherein the screw nut 
is partially insertable into a bore of the fixation plate from 
10 the underside thereof, and threadingly engages a por- 
tion of the bone screw to thereby secure the bone screw 
to the fixation plate. 

[0008] As a final example, U.S. Patent No. 4,484,570 
to Sutter et al. discloses a bone fixation system wherein 

IS the heads of the bone screws are hollow and expanda- 
ble. After the fixation plate is secured to the underlying 
bone via the hollow head bone screws, set screws are 
advanced into the hollow heads to expand the heads 
and thereby secure the heads to the fixation plates. 

20 [O009] All of the foregoing prior art systems suffer 
from several undesirable drawbacks. First, the addition 
of intricately machined componentry makes most of 
these systems expensive and difficult to manufacture. 
Second, since some of these prior art systems rely on 

25 a threaded connection to maintain the bone screws in a 
secure position, such locking systems are still subject 
to the problem of screw back out and may therefore be 
unreliable. Finally, most of the foregoing systems, by 
their nature, result in an increased profile or bulk which, 

30 in many surgical applications, is undesirable. What Is 
therefore needed is a bone fixation system Including a 
mechanism for preventing screw backout without in- 
creasing the profile or bulk of the fixation system. Such 
a system should ideally be easy and inexpensive to 

35 manufacture. 

SUIWMARY OF THE INVENTION 

[0010] It is an object of the present Invention to pro- 
^ vide a bone fixation apparatus which addresses the 
foregoing drawbacks of prior art systems. 
[001 1 ] In accordance with the present invention there 
is provided a bone fixation apparatus comprising: 

4S a bone fixation member having a bottom surface 
adapted to engage a portion of the bone being fix- 
ated, an opposite top surface and a bore defined 
therethrough; 

a bone screw having an elongated shaft and an en- 
50 larged head portion engaging said bore at said top 
surface of said fixation member when said shaft ex- 
tends therethrough, said shaft defining a first diam- 
eter non-threaded portion adjacent said head por- 
tion and bone engaging threads having a second 
55 larger diameter remote from said head portion; and 
an annular collar substantially surrounding said 
non-threaded portion of said bone screw shaft, said 
collar having an initial inner diameter greater than 
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said second diameter, said collar being formed of a 
material such that said inner diameter shrinks in re- 
sponse to a change In temperature thereof to a final 
diameter smaller than said second diameter to 
thereby trap said collar between said head portion 
and said second diameter bone engaging threads 
of said bone screw. 

[0012] Further features of the present invention are 
set out in the appended claims and in the following de- 
scription. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0013] 

FIG. 1 is a perspective and partial cross sectional 
view of one embodiment of a fixation plate and 
screw anti-backout system in accordance with the 
present invention. 

FIG. 2 is a perspective view of the screw anti-back- 
out member shown in FIG. 1. 
FIG. 3A is a front elevational view of one embodi- 
ment of the head portion of a fastener for use with 
a fixation plate and screw anti-backout system of 
the present invention. 

FIG. 3B is a front elevational view of another em- 
bodiment of the head portion of a fastener for use 
with a fixation plate and screw anti-backout system 
of the present invention. 

FIG. 30 is a front elevational view of a further em- 
bodiment of the head portion of a fastener for use 
with a fixation plate and screw anti-backout system 
of the present Invention. 

FIG. 4A is a front elevational view of one embodi- 
ment of the shaft portion of a fastener for use with 
a fixation plate and screw anti-backout system of 
the present invention. 

FIG. 4B is a front elevational view of an alternate 
embodiment of the shaft portion of a fastener for use 
with a fixation plate and screw anti-backout system 
of the present invention. 

FIG. 4C is a front elevational view of another alter- 
nate embodiment of the shaft portion of a fastener 
for use with a fixation plate and screw anti-backout 
system of the present invention. 
FIG. 5A is a side elevational and partial cross sec- 
tional view of the fixation plate and screw anti-back- 
out member assembly of FIG. 1 , showing the use 
of a tapered instrument to increase the inner diam- 
eter of the screw anti-backout member. 
FIG. 5B is a cross-sectional view of an alternate em- 
bodiment of a fixation plate and screw anti-backout 
system in accordance with the present Invention, in- 
cluding the use of a tapered instrument to increase 
the inner diameter of the screw anti-backout mem- 
ber. 

FIG. 6 is a cross-sectional view of another alternate 



embodiment of a fixation plate and screw anti-back- 
out system in accordance with the present inven- 
tion. 

FIG. 7 Is a cross-sectional view of still another al- 
s temate embodiment of a fixation plate and screw 
anti-backout system in accordance with the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

10 

[0014] For the purposes of promoting an understand- 
ing of the principles of the invention, reference will now 
be made to the embodiment illustrated in the drawings 
and specific language will be used to describe the same. 

15 It will nevertheless be understood that no limitation of 
the scope of the invention is thereby intended, such al- 
terations and further modifications in the illustrated de- 
vice, and such further applications of the principles of 
the invention as illustrated therein being contemplated 

20 as would normally occur to one skilled in the art to which 
the invention relates. 

[0015] Referring now to FIG. 1 , one embodiment of a 
fixation plate and screw anti-backout system 10, in ac- 
cordance with the present invention, is shown. Fixation 

25 plate 12 has a bore 18 therethrough which is sized to 
slidingly receive a fastening element therein to thereby 
secure the fixation plate to its intended surface. Prefer- 
ably, fixation plate 12 is a spinal fixation plate, although 
the present invention contemplates that fixation plate 1 2 

30 may include any type of fixation plate used to reinforce 
a bone, join two or more bones, or provide an anchoring 
location at a specified bone location. 
[0016] System 10 further includes a fastening ele- 
ment 14 having an enlarged headed portion 20 and an 

35 elongated shaft portion 22 extending therefrom. The 
elongated shaft 22 of fastening element 14 Is slidingly 
received within bore 1 8 of fixation plate 1 2 such that the 
enlarged headed portion 20 rests against the top portion 
24 of bore 1 8 adjacent the top surface 1 5 of fixation plate 

40 12. Enlarged head portion 20 of fastening element 1 4 Is 
sized large enough so that It cannot pass through the 
smaller sized bore 18, and is preferably configured so 
that it seats within the top portion 24 of bore 18. As 
shown in FIG. 1 , top portion 24 of bore 18 is preferably 

45 recessed from top surface 15 of fixation plate 12 in a 
semi-circular shape to facilitate the seating of head por- 
tion 20 of fastening element 14 therein. 
[0017] Preferably, fastening element 14 Is a bone 
screw having bone engaging threads 25 defined along 

so at least a portion of elongated shaft 22. Bone screw 14 
further has a cylindrically-shaped head 20 with rounded 
edges 21 . Preferably, rounded edges 21 and top portion 
24 of bore 18 are complementarily configured to facili- 
tate seating contact therebetween. Although fastening 

55 element 1 4 Is, in a preferred embodiment, a bone screw 
as shown in FIG. 1 , the present invention contemplates 
the use of other bone engaging screw embodiments for 
use in securing fixation plate 12 to bone. 
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[0018] For example, referring to FIG. 3A, the headed 
portion 20 of fastening element 14 may be configured 
as a flat head screw 90 having a substantially flat top 
surface 92 and frusto- conically shaped sidewalls 94. 
With such a configuration, top portion 24 of bore 18 
should be similarly f rusto-conically shaped so that the 
headed portion 60 can be counter sunk therein with top 
surface 92 thereafter being flush with top surface 15 of 
fixation plate 12. Referring now to FIG. 3B, headed por- 
tion 20 of fastening element 14 may be further be con- 
figured as an eye-bolt head 100 having a substantially 
circular ring 102. Finally, referring to FIG. 30, headed 
portion 20 of fastening element 14 may further be con- 
figured as a headed portion 110 of a variable angle 
screw. Headed portion 110 of the variable-angle screw 
includes a pair of sides 112a and 112b which form a U- 
shaped passage 114 therebetween. One side of head 
portion 110 defines a series of radially extending teeth 
or splines 116 which are formed to interdigltate with 
splines on a corresponding component (not shown). An 
example of such a variable angle screw is disclosed in 
U.S. Patent No. 5,261 ,909 to Sutterlin et al. 
[0019] Referring again to FIG. 1 , a portion of elongat- 
ed shaft 22 of fastening element 14 includes bone-en- 
gaging threads 25. An example of one such elongated 
shaft 120 is shown in FIG. 4A. Shaft 120 includes bone- 
engaging threads 122, and terminates in a pointed (self- 
taping) end 1 24. An example of another elongated shaft 
1 30 is shown in FIG. 4B. Shaft 1 30 includes threads 132, 
and terminates in a flat end 134. Finally, a further em- 
bodiment of elongated shaft 140 is shown in FIG. 40. 
Shaft 140 may terminate In a flat end 142, or may have 
a pointed (self-tapping) end 144 as shown in phantom. 
A portion 1 46 of elongated shaft 1 40, between head por- 
tion (not shown) and end portion 142 or 144, is not 
threaded. Threaded portion 148 is included below non- 
threaded portion 1 46 and is remote from the head por- 
tion (not-shown). Although the elongated shaft embod- 
iments shown in FIGS. 4A-40 are preferably used in a 
bone fixation system, any of the threaded shaft embod- 
iments shown therein may be provided with any number 
of threads per inch (TPI) to meet a desired bone engag- 
ing need. 

[0020] Referring again to FIG. 1, regardless of the 
type of fastening element 14 used, elongated shaft 22 
includes a reduced diameter non-threaded portion 42 
between head portion 20 and the threaded portion 25 of 
shaft 22. The diameter of portion 42 is reduced to opti- 
mise the screw anti-backout feature as will be more fully 
described hereinafter. 

[0021 ] Referring now to FIGS. 1 and 2, system 1 0 fur- 
ther includes an annular ring 1 6 having a bore 45 there- 
through defining an inner annular surface 40 having a 
diameter 44. Collar 16 further has an outer annular sur- 
face 34. Inner and outer annular surfaces 40 and 34, 
respectively, temnlnate at a top end 36 and an opposite 
bottom end 32. A flange 30 extends radially from outer 
surface 34 adjacent bottom end 32 and has a top sur- 



face 38 for engaging a portion of fixation plate 12. A 
channel 35 extends between bottom end 32 and top end 
36 of collar 16, and extends from flange 30 and outer 
surface 34 into bore 45. Preferably, collar 1 6 Is of unitary 

s construction and Is formed of a material that Is respon- 
sive to a change In temperature to assume either an ex- 
panded or a retracted shape. 
[0022] One example of a material that is responsive 
to a change in temperature to assume a retracted shape 

10 is a shape memory alloy. In order for an alloy to exhibit 
a shape memory effect, it must be a crystalline structure 
which can change its structure into the so-called austen- 
ite phase when it is subjected to a certain temperature 
condition, and then change its structure into the so- 

15 called martensite phase when the temperature of the al- 
loy is sufficiently lowered. In providing a shape memory 
alloy component, the component is first annealed to a 
specified shape by traditional means. The alloy is then 
heated to a temperature high enough that the crystalline 

20 structure assumes the austenite phase or configuration. 
Next, the alloy is cooled until it reverts to the martensite 
phase or configuration. Once in the martensite configu- 
ration, the component may be further deformed random- 
ly, but will return to its original austenite phase shape 

25 when heated to a temperature above that at which the 
martensite phase returns to the austenite phase. Thus, 
after being defomned in the martensite phase, the alloy 
"remembers" its original annealed shape and will return 
to that original shape when heated above the austenite 

30 phase transition temperature. In so doing, the alloy con- 
verts heat energy into mechanical work. The mechani- 
cal work done while the material is undergoing shape 
recovery can be much greater than originally imparted 
during the initial plastic deformation. 

35 [0023] The shape memory alloy of collar 16 is prefer- 
ably made of a nickel-titanium alloy such as nitinol. The 
specific transitional temperature at which the phase 
transition occurs can be controlled by specifying the ex- 
act nickel to titanium ratio. In a preferred embodiment 

<o of annular collar 16, the nickel-titanium ratio is chosen 
to provide an austenite transition temperature of approx- 
imately 42°C and a martensite transition temperature of 
approximately 10°0. However, the present invention 
contemplates other nickel-titanium ratios to provide de- 

45 sired austenite and martensite phase transition temper- 
atures. It is to be understood that different applications 
of fixation plate and screw anti-backout systems de- 
scribed herein will require different phase transition tem- 
peratures, and that the present invention contemplates 

so any nickel-titanium ratio required to meet such specific 
applications. The present invention further contem- 
plates the use of other known shape memory alloys for 
use In constructing annular collar 1 6. An example of one 
such alloy Is an iron-based alloy including various per- 

55 centages by weight of manganese, silicon, and chromi- 
um. 

[0024] According to a preferred approach in con- 
stmcting annular collar 16, collar 16 Is first deformed 
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while in the austenite phase crystalline configuration 
such that inner annular surface 40 has a diameter 44 
less than the diameter of reduced diameter portion 42 
of fastener element 1 4. Collar 1 6 is then cooled until the 
martensite transformation occurs. While maintaining 
collar 16 below the shape transition temperature, collar 
16 may be deformed to increase the inner diameter 
thereof. 

[0025] Referring now to FIG. 5A, bore 18 of fixation 
plate 12 is sized to slidingly receive the outer surface 34 
of collar 16 therein such that the top portion 36 of collar 
16 is adjacent top portion 24 of bore 18. Preferably, al- 
though not necessarily, fixation plate 12 includes a re- 
cess 28 about bore 18 having a depth approximately 
equal to the thickness 31 of flange 30. Advantageously, 
recess 28 permits the bottom portion 32 of collar 16 to 
be flush with the bottom portion 13 of fixation plate 12 
so that the vertical profile of fixation plate locking system 
10 is not increased due to the use of collar 16. A taper 
instrument 50 is provided to "open up' collar 16 for pas- 
sage therethrough of the elongated shaft 22 of fastening 
element 1 4. Taper instrument 50 has a first end 52 which 
has a diameter slightly less than inner diameter 44 of 
collar 1 6. The diameter of taper instrument 50 increases 
at increasing distances from end 52. 
[0026] As taper instrument 50 is advanced into the 
bore 45 of collar 1 6 from the top 36 thereof, channel 35 
is widened, thereby deforming, or spreading open, collar 
1 6 to an initial inner diameter such that the outer surface 
34 of collar 16 is forced against the walls of bore 18. To 
facilitate the advancement of taper instrument 50 into 
collar 1 6 to thereby sufficiently spread open the inner 
surface 40 of collar 16, the walls of bore 1 8 may be ta- 
pered complementary to the taper of instrument 50. The 
decreasing diameter of bore 18 in a direction toward the 
bottom 13 of plate 12 further acts to retain collar 16 with- 
in bore 1 8 when taper instrument 50 is removed there- 
from. In this way, collar 16 may be pre-loaded into bore 
18 prior to positioning plate 12 within a patient. 
[0027] With collar 16 so deformed in the martensite 
phase to have an initial inner diameter greater than di- 
ameter 44, elongated shaft 22 of fastening element 1 4 
may be slidably received therethrough. Fastener 14 is 
then advanced through bore 45 and into the bone to be 
fixated. As fastening element 14 is sufficiently ad- 
vanced, headed portion 20 is secured against top por- 
tion 24 of bore 18, and collar 16 surrounds reduced di- 
ameter portion 42 of fastening element 14. In this posi- 
tion, fixation plate 12 should be rigidly secured to the 
underlying structure to be fixated. 
[0028] After securing fixation plate 1 2 to the underly- 
ing bone to be fixated, collar 16 is heated sufficiently to 
transfonn the alloy to the austenite phase configuration. 
In so doing, collar 16 'remembers' its original configu- 
ration, and its Inner diameter 44 shrinks in size. The 
heating step may take to form of simply allowing the col- 
lar to warm to body temperature, or may involve other 
known methods such as inducing electrical currents in 



collar 16 through the use of electromagnetic waves, or 
through the use of a sufTiciently wamn fluid such as water 
or saline. 

[0029] Since the original diameter 44 was less than 
s the diameter of reduced diameter portion 42 of fastening 
element 14, the Inner surface 40 collar 16 'grips' re- 
duced diameter portion 42 to thereby rigidly clamp fas- 
tening element. In this clamping arrangement embodi- 
ment, top surface 38 of flange 30 abuts recess 28 of 
10 fixatbn plate 1 2, and the bottom portion 32 of flange 30 
abuts transition surface 26 located between reduced di- 
ameter portion 42 and threaded portion 25 of fastening 
element 14. 

[0030] Flange 30 of collar 1 6 thus provides a positive 
IS stop for collar 1 6 in the direction of top portion 24 of bore 
18. Referring to FIG. 5B, this feature may alternatively 
be provided by configuring the inner surface of bore 18' 
with a step 17 adjacent top portion 24' to thereby abut 
top 36' of collar 1 6'. With such a configuration, flange 30 
20 is not necessary and collar 16' need only be provided 
with sufficient thickness so that its outer diameter will 
not slip past the step 17 when undergoing an austenite 
phase transformation. Collar 16' is shown in FIG. 5B as 
assuming a characteristic portion against bore 1 8' of fix- 
25 ation plate 12' after insertion and withdrawal of tapered 
instrument 50. 

[0031] The reduced diameter portion 42 of fastening 
element 14 optimises fixation plate clamping system 10 
by ensuring that locking clamp 16, once reduced in di- 
30 ameter, will not slip toward thread 25. Portion 42 of shaft 
22 should be non-threaded to meixlmise the surface ar- 
ea between portion 42 and the inner surface 40 of collar 
16. 

[0032] According to an alternate approach in utilising 
35 shape memory collar 16, the initial diameter 45 thereof 
may be deformed while in the austenite phase crystal- 
line configuration such that the inner annular surface 40 
has a diameter 44 slightly larger than reduced diameter 
portion 42 of fastening element 14, but less than the di- 
<o ameter of threaded portion 25. With such an approach, 
the reduced diameter collar need not "grip" reduced di- 
ameter portion 42 in its final configuration. Rather, the 
inner diameter 44 of collar 16 need only shrink enough 
to disallow threaded portion 25 to advance there- 
of through. Collar 16, although loosely surrounding re- 
duced diameter portion 42 feistening element 14, pre- 
vents fastening element 14 from backing out of bore 18 
by having a final inner diameter less than that necessary 
to pennit threaded portion 25 to pass therethrough. 
50 [0033] In any event, the now reduced diameter collar 
16 prevents fastening element 14 from backing out of 
the surface in which it has been advanced. It is to be 
understood that a typical fixation plate, regardless of Its 
area of application, will likely have multiple bores 1 8 and 
55 fastening elements 1 4 and, as such, the present inven- 
tion contemplates providing a locking collar 16 for each 
fastening element 14 and bore 18 pair. 
[0034] Referring now to FIG. 6, another embodiment 
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of a fixation plate and screw anti-bacl<out system 150, 
in accordance with the present invention, is shown. Sys- 
tem 150 includes a fixation plate 152 having a top sur- 
face 154 and an opposite bottom surface 156. Fixation 
plate 1 52 includes a number of bores 1 58 therethrough, s 
each for receiving an elongated shaft 22 of fastening el- 
ement 14 therein as previously discussed with respect 
to FIG. 1. A substantial portion of bore 158 has a first 
diameter 164. In its bottom surface 156, plate 152 de- 
fines a recess 1 62 about bore 1 58. In its top surface 1 54, 
plate 152 defines another recess 160 about bore 158. 
Each of recesses 160 and 162 intersect bore 158 and 
have diameters larger than bore diameter 1 64. 
[0035] An annular collar 170, identical in function to 
collar 16, is positioned within bore 158. Collar 170 de- 
fines a variable diameter bore 172 therethrough identi- 
cal in operation to bore 1 8 of collar 1 6. Collar 1 70 further 
has a first flange 1 74 extending radially away from collar 
outer surface 1 65 adjacent the bottom 1 76 thereof, and 
a second flange 1 76 extending radially away from outer 
surface 165 adjacent the top 180 thereof. The top sur- 
face 182 of bore 172 is recessed, similar to top surface 
24 of bore 18 described with respect to FIG. 1, to facil- 
itate the seating of head portion 20 of fastening element 
14 therein. Although not shown in FIG. 6, collar 170 fur- 
ther includes a longitudinal channel therethnsugh similar 
to channel 35 of collar 16. 

[0036] Operationally, collar 170 may be pre-loaded in- 
to bore 1 58 by pinching the outer surface 1 65 thereof 
with suitable means so that the channel (not shown) 
width decreases. As a result, the outerdiameter of collar 
170 may be made to shrink sufficiently to permit either 
of flanges 174 or 178 to pass through the first diameter 
164 portion of bore 158. Collar 170 may thus be top- 
loaded (from top surface 154 of plate 152) or bottom- 
loaded (from bottom surface 156 of plate 152) into bore 
158 such that flanges 176 and 178 cooperate with re- 
cesses 162 and 160 respectively to maintain collar 170 
in position within bore 158 as shown in FIG. 6. 
[0037] Referring now to FIG. 7, yet another embodi- 
ment of a fixation plate and screw anti-backout system 
200, in accordance with the present invention, is shown. 
System 200 includes a fixation plate 202 having a top 
surface 204 and an opposite bottom surface 206. Fixa- 
tion plate 202 includes a number of bores 208 there- 
through, each for receiving an elongated shaft 22 of a 
fastening element 14 therein as previously discussed 
with respect to FIG. 1 . A substantial portion of bore 208 
has a first diameter 214. Bore 208 defines an annular 
recess 210 therein which is sized slightly larger than 
bore diameter 21 4. Preferably, annular recess 210 is lo- 
cated near top suriace 204 of plate 202, although the 
present Invention contemplates that annular recess 21 0 
may be located anywhere within bore 208. 
[0038] . An annular collar 220, identical in function to 
collars 16 and 170, is positioned within bore 208. Collar 
220 defines a variable diameter bore 222 therethrough 
identical in operation to bore 18 of collar 16 (and bore 



172 of collar 170). Collar 220 further has a flange 224 
extending radially away from collar outer surface 225 
adjacent the top 228 thereof. The top surface 230 of 
bore 222 is recessed, similar to top surface 24 of bore 
1 8 described with respect to FIG. 1 , to facilitate the seat- 
ing of head portion 20 of fastening element 14 therein. 
As with collar 170, collar 220 further includes a longitu- 
dinal channel therethrough (not shown) similar to chan- 
nel 35 of collar 16. 

[0039] Operationally, collar 220 may be pre-loaded In- 
to bore 222 by pinching the outer surface 225 thereof 
with suitable means so that the channel (not shown) 
width decreases. As a result, the outerdiameter of collar 
220 may be made to shrink sufficiently to permit flange 
224 to pass through the first diameter 21 4 portion of bore 
208. Collar 220 may thus be top-loaded (from top sur- 
face 204 of plate 202) or bottom-loaded (from bottom 
surface 206 of plate 202) into bore 208 such that flange 
224 cooperates with recesses 21 0 to maintain collar 220 
in position within bore 208 as shown in FIG. 7. Prefera- 
bly, collar 220 is positioned within bore 208 such that 
the bottom 226 of collar 220 is flush with the bottom sur- 
face 206 of plate 202. 

[0040] In function and operation, collars 1 70 and 220 
are identical to collar 16. As illustrated in FIGS. 6 and 
7, however, the present invention contemplates that the 
screw anti-backout collar 16, 16', 170 and 220 may be 
variously configured to facilitate the retention of the col- 
lar within the corresponding fixation plate bore prior to 
positioning and securing the plate within a patient. 
Those skilled in the art will recognise that other such 
collar and fixation plate bore configurations may be de- 
signed to provide this feature. 

[0041] Any of collars 16, 16', 170 and 220 may further 
be formed of a material that is responsive to a change 
in temperature to expand in thickness, such as in re- 
sponse to heat. Thus, in response to an increase in tem- 
perature, the collar inner diameter "shrinks" due to ex- 
pansion of the collar thickness. Advantageously, the 
outer diameter correspondingly grows so as to decrease 
any play between the bore of the fixation plate and the 
outer surface of the collar. Such a heat expandable ma- 
terial may include, for example, an epoxy, elastomer or 
other "curable" material, or any of a variety of heat-ex- 
pandable rigid materials. 



Claims 

1 . A bone fixation apparatus comprising: 

a bone fixation member having a bottom sur- 
face adapted to engage a portion of the bone 
being fixated, an opposite top surface and a 
bore defined therethrough; 
a bone screw having an elongated shaft and an 
enlarged head portion engaging said bore at 
said top surface of said fixation member when 
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said shaft extends therethrough, said shaft de- 
fining a first diameter non-threaded portion ad- 
jacent said head portion and bone engaging 
threads having a second larger diameter re- 
mote from said head portion; and 
an annular collar substantially surrounding said 
non-threaded portion of said bone screw shaft, 
said collar having an initial inner diameter 
greater than said second diameter, said collar 
being fomned of a material such that said inner 
diameter shrinlts in response to a change in 
temperature thereof to a final diameter smaller 
than said second diameter to thereby trap said 
collar between said head portion and said sec- 
ond diameter bone engaging threads of said 
bone screw. 

2. The bone fixation apparatus of claim 1 wherein said 
collar material is a shape memory alloy. 

3. The bone fixation apparatus of claim 2 wherein said 
inner diameter of said annular collar further shrinl<s 
in response to said change in temperature to a final 
diameter less than said first diameter to thereby rig- 
idly clamp said non-threaded portion. 

4. The bone fixation apparatus of claim 2 wherein said 
shape memory alloy is a nicl<el-titanium alloy. 

5. The bone fixation apparatus of claim 2 wherein said 
annular collar transforms from a martenslte phase 
to an austenite phase as the temperature thereof is 
increased above a phase transformation tempera- 
ture. 

6. The bone fixation apparatus of claim 5 wherein the 
bone being fixated includes a portion of the spine. 

7. The bone fixation apparatus of claim 1 wherein said 
annular collar has an outer surface opposite said 
inner diameter, said outer surface of said collar hav- 
ing a first flange extending radially therefrom, said 
collar thereby trapping said fixation member be- 
tween said head portion and said flange. 

8. The bone fixation apparatus of claim 7 wherein said 
fixation member bore defines a longitudinal axis 
from said top surface of said fixation member to said 
bottom surface of said fixation member; 

and wherein said first flange contacts said 
bottom surface of said fixation member to thereby 
Inhibit movement of said collar along said longitudi- 
nal axis in a direction toward said top surface of said 
fixation member. 

9. The bone fixation apparatus of claim 8 wherein said 
collar has a top end and an opposite bottom end, 
said first flange extending radially away from said 



outer surface thereof adjacerit said bottom end 
thereof; 

and wherein said bore of said fixation member 
is configured to receive said outer surface of said 
s collarthereln such that first flange abuts said bottom 
surface of said fixation member. 

10. The bone fixation apparatus of claim 9 wherein said 
first flange has an inner flange surface directed to- 

10 ward said bottom surface of said fixation member 
and an opposite outer flange surface; 

and wherein said bottom surface of said fixa- 
tion member defines a first recess therein around 
said fixation member bore, said first recess being 

IS adapted to receive said first flange therein siich that 
said outer surface of said first flange is flush with 
said bottom surface of said fixation member. 

1 1 . The bone fixation apparatus of claim 9 wherein said 
20 outer surface of said collar has a second flange ex- 
tending radially therefrom; 

and wherein said second flange contacts said 
top surface of said fixation member to thereby in- 
hibit movement of said collar along said longitudinal 
25 axis in a direction toward said bottom surface of said 
fixation member. 

12. The bone fixation apparatus of claim 11 wherein 
said second flange has an inner flange surface di- 

30 rected toward said top surface of said fixation mem- 
ber and an opposite outer flange surface; 

and wherein said top surface of said fixation 
member defines a second recess therein around 
said fixation member bore, said second recess be- 

35 ing adapted to receive said second flange therein 
such that said outer surface of said second flange 
Is recessed below said top surface of said fixation 
member. 

40 13. The bone fixation apparatus of claim 7 wherein said 
fixation member bore defines an annular recess 
therein, said annular recess receiving said first 
flange therein to thereby inhibit movement of said 
collar toward said top and bottom surfaces of said 

4S fixation member. 

14. The bone fixation apparatus of claim 1 wherein said 
collar has a top end and an opposite bottom end; 

and wherein said fixation member bore In- 
50 eludes a stepped portion , said top end of said collar 
contacting said stepped portion of said fixation 
member bore to thereby inhibit movement of said 
collar in a direction toward said top surface of said 
fixation member. 

55 

15. The bone fixation apparatus of claim 1 wherein said 
final diameter of said collar is less than said first di- 
ameter non-threaded portion to thereby rigidly 
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clamp said non-threaded portion of the fastener. 



Patentanspruche 

5 

1 . Knochenfixiervorrichtung, die folgendes umfa3t: 

ein Knochenfixierelement mit einer unteren 
Flache, dafur geeignet, mit einem Abschnitt 
des f ixierten Knochens ineinanderzugreifen, ei- io 
ner gegenuberliegenden oberen Flache und ei- 
ner durch dasselbe definierten Bohrung, 
eine Knochenschraube mit einem ianglichen 
Schaft und einem vergroBerten Kopfabschnitt, 
der mit der Bohrung an der oberen Flache des is 
Fixierelements ineinandergreift, wenn der 
Schaft durch dasselbe verlauft, wobei der 
Schaft angrenzend an den Kopfabschnitt einen 
gewindelosen Abschnitt mit einem ersten 
Durchmesser und entfernt vom Kopfabschnitt 20 
Knocheneingriffsgewindegange mit einem 
zweiten, groQeren, Durchmesser definiert, und 
einen ringformigen Bund, der den gewindelo- 
sen Abschnitt des Knochenschraubenschafts 
wesentlich umgibt, wobei der Bund einen an- 25 
fanglichen Innendurchmesser groBer als der 
zweite Durchmesser hat, wobei der Bund aus 
einem Material geformt wird derart, daB der in- 
nendurchmesser als Reaktion auf eine Tempe- 
raturSnderung desselben auf einen Enddurch- so 
messer kleiner als der zweite Durchmesser 
schrumpft, um dadurch den Bund zwischen 
dem Kopfabschnitt und den Knocheneingrlffs- 
gewlndegSngen mit dem zweiten Durchmesser 
der Knochenschraube einzuschlleBen. 3S 

2. Knochenfixiervorrichtung nach Anspruch 1 , bei der 
das Bundmateriai eine Fomngedachtnisiegierung 
1st. 

40 

3. Knochenfixiervorrichtung nach Anspruch 2, bei wel- 
cher der Innendurchmesser des ringformigen 
Bunds als Real<tion auf die Temperaturanderung 
auf einen Enddurchmesser kleiner als der erste 
Durchmesser schrumpft. um dadurch den gewinde- ^ 
iosen Abschnitt starr festzuklemmen. 

4. Knochenfixiervorrichtung nach Anspruch 2, bei der 
die Fonngedachtnislegierung eine Nickel-Titan-Le- 
gierung ist. 

5. Knochenfixiervorrichtung nach Anspruch 2, bei der 
sich der ringformige Bund aus einer Martensitphase 
in eine Austenitphase umwandelt, wenn die Tem- 
peratur desselben Obereine Phasenumwandlungs- 
temperatur erh6ht wird. 

6. Knochenfixiervonichtung nach Anspruch 5, bei wel- 



cher der fixierte Knochen einen Abschnitt der Wir- 
beisauie einschliel3t. 

7. Knochenfixiervorrichtung nach Anspruch 1 , bei wel- 
cher der ringfdrmige Bund gegenOber dem Innen- 
durchmesser eine Au3enfl§che hat, wobei die Au- 
BenflSche des Bunds einen, ersten in Radiairich- 
tung von derselben vorstehenden, Flansch hat, wo- 
bei der Bund dadurch das Fixierelement zwischen 
dem Kopfabschnitt und dem Flansch einschlieBt. 

8. Knochenfixiervorrichtung nach Anspruch 7, bei der 
die Fixierelementbohnjng eine Langsachse von der 
oberen Flache des Fixierelements zu unteren RS- 
che des Fixierelements definiert, 

und bei welcher der erste Flansch die untere 
Flache des Fixierelements beruhrt, um dadurch ei- 
ne Bewegung des Bunds i§ngs der LSngsachse in 
einer RIchtung zu oberen Fliche des Fixierele- 
ments hin zu hemmen. 

9. Knochenfixiervorrichtung nach Anspruch 8, bei wel- 
cher der Bund ein oberes Ende und ein gegenQber- 
liegendes unteres Ende hat, wobei der erste 
Flansch angrenzend an das untere Ende desselben 
in Radialrichtung von der AuBenfiache desselben 
vorsteht, 

und bei der die Fixierelementbohnjng konfi- 
guriert wird, um die AuBenflSche des Bunds In der- 
selben aufzunehmen derart, daB der erste Flansch 
an die untere FISche des Fixierelements anstSBt. 

1 0. Knochenfixiervorrichtung nach Anspruch 9, bei wel- 
cher der erste Flansch eine zur unteren Flache des 
Fixierelements hin gerichtete Flanschinnenflache 
und eine gegenuberliegende FlanschauBenflache 
hat, 

und bei der die untere Flache des Fixierele- 
ments eine erste Aussparung in demselben um die 
Fixierelementbohnjng definiert, wobei die erste 
Aussparung dafur geeignet ist, den ersten Flansch 
in derselben aufzunehmen derart, daB die AuBen- 
fiache des ersten Flanschs bGndig ist mit der unte- 
ren Flache des Fixierelements. 

11. Knochenfixiervorrichtung nach Anspruch 9, bei der 
die AulSenflSche des Bunds einen zweiten, In Radi- 
alrichtung von derselben vorstehenden, Flansch 
hat, 

und bei welcher der zweite Flansch die obere 
Flache des Fixierelements berOhrt, um dadurch ei- 
ne Bewegung des Bunds langs der langsachse in 
einer RIchtung zu unteren Fiache des Fixierele- 
ments hin zu hemmen. 

12. Knochenfixiervorrichtung nach Anspmch 11, bei 
welcher der zweite Flansch eine zur oberen Fiache 
des Fixierelements hin gerichtete Flanschinnenfia- 
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che und eine gegenuberliegende FlanschauBenfla- 
che hat, 

und bei der die obere Flache des Fixierele- 
ments eine zweite Aussparung In demselben urn 
die Flxlerelementbohrung definiert, wobei die zwel- s 
te Aussparung dafur geeignet ist, den zweiten 
Flansch in derselben aufzunehmen derart, daB die 
AuBenflache des zweiten Fiansclis unterhalb der 
oberen Flaclie des Fixierelements vertieft wird. 

10 

13. Knochenfixiervorrichtung nach Anspruch 7, bel der 
die Fixiereiementbohrung eine ringfonnige Ausspa- 
rung in derselben definiert, wobei die ringformige 
Aussparung den ersten Flansch In derselben auf- 
nimmt, urn eine Bewegung des Bunds zu der obe- 
ren und der unteren Flache des Fixierelements hln 
zu hemmen. 

1 4. Knochenfixiervorrichtung nach Anspruch 1 , bel wel- 
cher der Bund ein oberes Ende und ein gegenQber- 20 
liegendes unteres Ende hat, 

und bei der die Fixiereiementbohrung einen 
abgestuften Abschnitt einschliel3t, wobei das obere 
Ende des Bunds den abgestuften Abschnitt der Fi- 
xiereiementbohrung beruhrt, um dadurch eine Be- 2S 
wegung des Bunds in einer Richtung zur oberen 
FiSche des Fixierelements hin zu hemmen. 

1 5. Knochenfixiervorrichtung nach Anspnjch 1 , bei wel- 
cher der Enddurchmesser des Bunds geringer ist 30 
als der erste Durchmesser des gewindelosen Ab- 
schnitts, um dadurch den gewindelosen Abschnitt 
des Befestigungselements stan* festzuklemmen. 

35 

Revendications 

1 . Dispositif de fixation osseuse, comprenant: 

un ^l^ment de fixation de I'os comportant une 40 
surface inf^rieure destinde ^ s'engager dans 
une partle de I'os devant itre fix6, une surface 
sup^rieure oppos^e et un al^sage d^flni h tra- 
vers celle-ci; 

une vis d'engagement de I'os comportant une 4S 
tige allong^e et une partle de t§te agrandle 
s'engageant dans ledit al^sage au niveau de 
ladite surface sup^rieure dudit dl^ment de fixa- 
tion lorsque ladite tIge le traverse, ladite tige d^- 
finissant une partienonflletieayantun premier so 
diamdtre adjacente h ladite partie de t§te et des 
filetages d'engagement de I'ds ayant un 
deuxidme diam^tre supdrieure, 6lolgn6s de la- 
dite partie de tSte; et 

un collier annulaire entourant pratiquement la- 55 
dite partle non filet^e de ladite tige de la vis 
d'engagement de I'os, ledit collier ayant un dia- 
m^tre int^rieur initial sup^rieur audit deuxidme 



diamfetre, ledit collier 6tant compose d'un ma- 
t§riau tel que ledit diam§tre int^rleur est r6\r6& 
en r^ponse ^ un changement de la temperature 
correspondante, en un diam^tre final inf^rieur 
audit deuxidme diam^tre, pour emprisonner 
ainsi ledit collier entre ladite partie de t§te et 
lesdits filetages d'engagement de I'os ayant le- 
dit deuxi^me diam§tre de ladite vis d'engage- 
ment de I'os. 

2. Dispositif de fixation osseuse selon la revendication 

1 , dans lequel ledit mat^riau du collier est un alliage 
k m^moire de forme. 

3. Dispositif de fixation osseuse selon la revendication 

2, dans lequel ledit diam^tre int§rieur dudit collier 
annulaire est r^tr^ci davantage en r^ponse audit 
changement de temperature, en un diamStre final 
Infdrieur audit premier diamdtre, pour serrer ainsi 
de manldre rigide ladite partie non filet^e. 

4. Dispositif de fixation osseuse selon la revendication 
2, dans lequel ledit alliage k memoire de forme est 
un alliage de nicl<el-titane. 

5. Dispositif de fixation osseuse selon la revendication 
2, dans lequel ledit collier annulaire passe d'une 
phase martensitique k une phase austenitique lors 
de I'accroissement de sa temperature au-dessus 
d'une temperature de transformation de phase. 

6. Dispositif de fixation osseuse selon la revendication 
5, dans lequel I'os devant etre fixe englobe une par- 
tie de la colonne vertebrale. 

7. Dispositif de fixation osseuse selon la revendication 
1, dans lequel ledit collier annulaire comporte une 
surface externe opposee audit diametre Interleur, 
ladite surface exteme dudit collier comportant une 
premiere bride k extension radiale, ledit collier em- 
prisonnant ainsi ledit element de fixation entre ladite 
partie de tete et ladite bride. 

8. Dispositif de fixation osseuse selon la revendication 

7, dans lequel ledit aiesage de reiement de fixation 
detinit un axe longitudinal, de ladite surface supe- 
rieure dudit element de fixation vers ladite surface 
inferieure dudit element de fixation; 

et dans lequel ladite premiere bride contacte 
ladite surface inferieure dudit element de fixation 
pour empecher ainsi le deplacement dudit collier le 
long dudit axe longitudinal dans une direction allant 
vers ladite surface superieure dudit element de fixa- 
tion. 

9. Dispositif de fixation osseuse selon la revendication 

8, dans lequel ledit collier comporte une extremite 
superieure et une extremite inferieure opposee, la- 
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dite premiere bride s'^tendant radialement h I'^cart 
de ladite surface exteme correspondante adjacente 
k ladite extrdmit^ infdrieure correspondante; 

et dans lequel ledit ai^sage dudit Pigment de 
fixation est configure de sorte k recevoir ladite sur- 
face exteme dudIt collier, de sorte que la premldre 
bride bute centre ladite surface inf^rieure dudit 6\6- 
ment de fixation. 

1 0. Dispositif de fixation osseuse selon la revendication 
9, dans lequel ladite premiere bride comporte une 
surface de bride interne dirig^e vers ladite surface 
inf^rleure dudit didment de fixation et une surface 
de bride exteme opposte; 

et dans lequel ladite surface inf^rieure dudit 
4A6men\ de fixation ddfinit un premier dvidement 
autour dudit al^sage de I'^ISment de fixation, ledit 
premier ^videment 6\ant destind k recevoir ladite 
premiere bride, de sorte que ladite surface exteme 
de ladite premi&re bride affleure ladite surface infd- 
rieure dudit &iment de fixation. 

1 1 . Dispositif de fixation osseuse selon la revendication 
9, dans lequel ladite surface externe dudit collier 
comporte une deuxi^me bride k extension radiale; 

et dans lequel ladite deuxieme bride contacte 
ladite surface sup^rieure dudit ^ISment de fixation 
pour empdcher ainsi le d^placement dudit collier le 
long dudit axe longitudinal, dans une direction allant 
vers ladite surface inf^rieure dudit ^l^ment de fixa- 
tion. 

1 2. Dispositif de fixation osseuse selon la revendication 
11 , dans lequel ladite deuxidme bride comporte une 
surface de bride interne dirig^e vers ladite surface 
sup^rieure dudit ^I6ment de fixation et une surface 
de bride externe oppos^e; 

et dans lequel ladite surface sup^rieure dudit 
^l^ment de fixation d^finit un deuxidme ^videment 
autour dudit al^sage de I'^l^ment de fixation, ledit 
deuxieme ^videment ^tant destine k recevoir ladite 
deuxidme bride, de sorte que ladite surface exteme 
de ladite deuxiSme bride est ^id^e au-dessous de 
ladite surface sup^rieure dudit &6ment de fixation. 

1 3. Dispositif de fixation osseuse selon la revendication 
7, dans lequel ledit al^sage de I'^l^ment de fixation 
d^finit un 6videment annulaire, ledit ^videment an- 
nulaire recevant ladite premidre bride pour emp§- 
cher ainsi le d^placement dudit collier vers lesdites 
surfaces sup^rieure et inf^rieure dudit ^i^ment de 
fixation. 

1 4. Dispositif de fixation osseuse selon la revendication 
1 , dans lequel ledit collier comporte une extr^mit^ 
sup^rieure et une extr^mit^ inf^rieure oppos^e; 

et dans lequel ledit al^sage de \'6\6mer\t de 
fixation comporte une partie §tag^e, ladite extr^mi- 



16 sup^rieure dudit collier contactant ladite partie 
6tag6e dudit al^sage de I'di^ment de fixation pour 
empdcher ainsi le dSplacement dudit collier dans 
une direction allant vers ladite surface sup^rieure 
5 dudit 6\6men\ de fixation. 

1 5. Dispositif de fixation osseuse selon la revendication 
1, dans lequel ledit diamdtre final dudit collier est 
Infirieur audit premier diamdtre de la partie non fl- 
10 let^e, pour serrer ainsi de manidre rigide ladite par- 
tie non filette de I'dldment de fixation. 
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Fig. 4B Fig. 4C 
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